Vaults are large cone-shaped and highly conservative ribonucleoprotein complexes present in the 6 cells of most major eukaryote clades. However, despite their wide distribution, their functions 7 and evolutionary dynamics still remain enigmatic. Several minor functions in modulating
was performed with the help of RAPTORX web service (Källberg et al., 2012) . Acquired 8 0 structure data in the PDB format was then subjected for pairwise structure alignment via 8 1 jFATCAT-flexible algorithm in the RCSB PDB Java Structure Alignment tool to confirm 8 2 structural identity (Prlić et al., 2010; Ye & Godzik, 2003) . BLAST searches for these sequences uncovered various TolA proteins; highest identity of 36% 8 6
had Gilliamella TolA A0A1B9K2Y3_9GAMM. Series of alignments between the chosen 8 7 sequences and TolA and TolA-like proteins of different bacterial species (Enhygromyxa, 8 8 Myxococcus, Sandaracinus, Escherichia, Haemophilius, Methylophaga, Mangrovibacter, 8 9 Gilliamella, Frischella, Galibacterium) showed that the highest similarity is located in the coiled 9 0 coil region of the selected proteins and domain II of TolA. Identity variation between 22% and 9 1 37% and alignment of TolA sequences not only with the coiled coil region, but also with 9 2 adjacent fragments of MVP shoulder and N-terminal domain suggests that it is most likely a 9 3 result of homologous relationship between TolA domain II and MVP. proteins and domain II of TolA for some of the studied proteins were subjected to structure 1 0 9 prediction via RAPTORX web service. Pairwise structural alignment was then conducted to 1 1 0 support the idea of homology between major vault protein and TolA. Chosen sequences include: Comparison with band 7 domain 1 2 0
Other than TolA, some BLAST searches for MVP shoulder-like domains in KB Bacteria 1 2 1 database showed more than 30% identity with band 7 proteins (Halothermothrix protein
B8D0R4_HALOH showed the highest result of 33%). In addition, results of the MOTIF search H6L4P8_SAPGL with E-value=0.00039 ( Fig. 1, B ). Interestingly, same results were observed 1 2 5
with other studied bacterial proteins, except cyanobacterial MVP-like proteins and eukaryotic 1 2 6
MVP. Secondary structures for corresponding fragments of these two proteins along with Pongo MVP Binding prediction via RAPTOR-X server was conducted for Saprospira, Enhygromyxa, Moorea 1 3 8
and Homo MVP-like proteins. Saprospira protein showed high-multiplicity binding with GMP Origin of vaults. We found 2 likely homologies for bacterial MVP-like proteins: TolA and band MVP-like protein lacking band 7 domain, no similar deltaproteobacterial sequences were found. Haemophilius TolA sequence was used as an outgroup.
1 6 3
One of these bacteria, specifically Saprospira grandis, displays an unusual characteristic -rod- no evidence of connection between rhaphidosomes and MVP-like proteins. Major vault protein homologs were not found in archaea, that are closely related to eukaryotes. Therefore, MVP-like proteins were likely to appear in the bacterial lineage after archaeal clades which seems improbable. Therefore, we suggest that the most likely scenario of Cyanobacteria (Oscillatoriales), because they possess MVP-like protein with more than 50% 1 8 0 identity to MVP. This event probably has happened before the divergence of major protist and Saprospira proteins. Cyanobacterial pre-MVP evolution made it move away from cell membrane transforming its protein was laterally transmitted from cyanobacteria to early eukaryotes (most likely due to 1 9 9 phagotrophic lifestyle of the latter ones (Shaik, 2013)) or due to an endosymbiotic event and was Oscillatoriales). This type of locomotion usually is prevalent among bacteria living in low-water 2 1 0 content environments, including biofilms, mats, soils or hypersaline habitats, that is also true for 2 1 1 the species studied here (Spormann, 1999) . Interestingly, TolA protein that is partially
